Autistic people exhibit enhanced abilities to find and extract visual or auditory figures out of 5 a meaningful whole (disembedding). Studies have shown heightened autistic traits in 6 professional musicians with absolute pitch (AP). This study investigates whether such 7 musicians show an advantage in an interleaved melody recognition task (IMRT). 8
Abstract 4
Autistic people exhibit enhanced abilities to find and extract visual or auditory figures out of 5 a meaningful whole (disembedding). Studies have shown heightened autistic traits in 6 professional musicians with absolute pitch (AP). This study investigates whether such 7 musicians show an advantage in an interleaved melody recognition task (IMRT). 8
A total of N=59 professional musicians (AP=27) participated in the study. In each trial a 9 probe melody was followed by an interleaved sequence. Subjects had to indicate as to 10 whether the probe melody was present in the interleaved sequence. Sensitivity index d´ 11
and response bias c were calculated according to signal detection theory. Additionally, a 12 pitch adjustment test measuring fine-graded differences in absolute pitch proficiency, the 13
Autism-Spectrum-Quotient and a visual embedded figures test were conducted. 14 AP performance was enhanced overall compared to RP. Absolute pitch proficiency, visual 15 disembedding ability and musicality predicted approximately 39.2% of variance in the 16
interleaved melody recognition test. No correlations were found between IMRT and autistic 17
traits. 18
The stable pitch-label associations of AP might serve as additional sensory cues during 19
pre-attentive processing in recognizing interleaved melodies. Results are in line with a 20
detailed-oriented cognitive style and enhanced perceptional functioning of AP musicians 21 similar to that observed in autism.
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Background 28 One of the most complex functions of the auditory system lays in the ability to disentangle and 29 extract distinct streams ("auditory streaming") of information out of the mixture of sounds that 30 reach the ear (e.g. two interleaved and overlapped melodies played by different instruments in an 31 orchestra or isolating a voice among noise in a crowded room). This is a key component of 32 "auditory scene analysis" 1 with two different mechanisms: pre-attentive so-called "primitive" 33 (bottom up) processes and, often but not always attentive, "schema-based" (top down) 34 mechanisms 1 . Primitive processes sequentially or simultaneously separate the incoming sound 35 mixture based on sensory information, i.e. according to regularities of harmonicity, or loudness, or 36 in relation to spatial orientation 1 , or according to similarity or smooth changes in pitch 2-4 , timbre 3 , 37 rhythm 5 , or meter 6 and seem to be innate 7 . These factors roughly correspond to the famous Gestalt 38 principles 8 of e.g. similarity, proximity and many others that have reached wide acceptance among 39 visual perception researchers. On top of that, music or speech schemas learned via experience are 40 used to attentively compare, extract and structure the auditory environment based on previous 41 acquired knowledge 4, 6 . Auditory streaming has been investigated using an interleaved melody 42 recognition task, first developed by W.J. Dowling (1973) 4 and later adapted and extended by Bey 43 and McAdams (2002 McAdams ( , 2003 4,6 or unknown melody 2,3 is presented first, followed by an interleaved 44 sequence, in which either the target or a modified melody is interleaved with distractor tones in the 45 same pitch range. 46 It is not surprising that musicians exhibit an enhanced ability to extract musical streams out of 47 complex interleaved melodies 3 , as they belong to a population with far greater than average hearing 48 abilities and knowledge of music theory 9,10 . However, it remains to be investigated, if absolute pitch 49 (AP) possessors, who have the unique (<1%) 11 ability to name or produce a musical tone without a 50 reference 12,13 , differ in auditory streaming from relative pitch possessors. Absolute pitch also occurs 51 far more often in professional musicians (7-15 %) [14] [15] [16] than in the general population, but it is still  52  unclear why few people develop absolute pitch while most humans are relative pitch possessors.  53  Among possible predictive factors for AP are an early onset of musical training especially before  54  the age of 7 16,17 and related to this a critical period 18-22 , genetic contributions 18 , the type of musical  55  education method 16 and ethnicity 14,15,23 . Most likely, absolute pitch is the result of an interaction  56  between genes and environmental influences, which makes the ability a fascinating research topic  57 for human cognitive neuroscience 22 . 58
The ability of absolute pitch possessors to not only judge pitch heights but also perceive an 59 additional quality for different tone categories, so-called pitch "chroma", or by contrast the ability 60 of relative pitch (RP) possessors to neglect single note information but focus on melodically more 61 relevant information of musical intervals, might lead to performance differences in experiments on 62 auditory streaming. 63
Furthermore, the indirect measurement of auditory stream segregation with the use of interleaved 64 melody recognition tests is very similar to the concept of disembedding in autism research and has 65 indeed been described as an "auditory hidden figures test" by Dowling, Lung & Herrbold (1987) 6 . It 66 has been shown, that people with autism-spectrum-conditions (ASC) show enhanced abilities to 67 extract small visual or auditory figures out of a meaningful whole respectively a fully interleaved 68 auditory sequence 23-27 . However, autistic people seem to fail to use pitch separation cues in auditory 69 streaming experiments 23,25 . 70
Autism-spectrum-conditions, which are characterized by social and communication difficulties, 71 sensory abnormalities, narrow interests and problems with unexpected change 28 , sometimes co-72 occur with special abilities 29-32 , one of the more frequent of which is absolute pitch 31,33-35 . Finally, 73 recent research has shown increased autistic traits in absolute pitch possessors 36, 37 . It has been 74 suggested, that this joint occurrence might be explained by similar brain network structure and 75 function 31,38-40 and a detail-oriented cognitive style 19,31 among people of those populations. 76
However, it is still a matter of debate (a) whether absolute pitch possessors also exhibit an enhanced 77 ability for disembedding in vision and audition (auditory streaming) similar to autism, (b) whether 78 this is correlated to autistic traits in AP possessors and (c) whether having absolute pitch might 79 explain different strategies and performance during auditory streaming experiments. The present 80 study aims to shed new light onto the discussion by investigating professional musicians with and 81 without absolute pitch as they take part in an auditory streaming experiment created after Bey & 82 McAdams 2,3 and an visual embedded figures test. We also determine their scores for autistic traits. 83 We hypothesize that the ability of auditory stream segregation can be predicted by absolute pitch 84 proficiency, autistic traits and musicality and reflects an auditory equivalent of disembedding in 85 vision. 86 87
Methods

88
This study was formed part of a larger project consisting of various experiments investigating 89 cognitive performance in audition and vision of absolute vs. relative pitch possessors. amateur musicians. Non-native German speakers (4 AP) had the choice between a German and an 99
English version of the experiments. All participants denied any history of severe psychiatric or 100 neurological conditions and one AP reported taking Mirtazapine. The primary instruments played 101 by the AP were piano (15), string instruments (9), woodwind instruments (3), voice (2), and brass 102 instruments (2); for RP they were piano (13), string instruments (4), woodwind instruments (6), 103 voice (3), brass instruments (3), bass (1), guitar (1), accordion (1), and drums (1). with individual breaks between the blocks. Participants' task was to adjust the frequency of a sine 135 wave with random start frequency (220 -880 Hz, 1Hz steps) and to try to hit the target note (letter 136
presented centrally on PC screen, e.g. "F# / Gb") within at most 15 seconds. Participants were 137 allowed to choose their octave of preference. The tones were presented through sound isolating 138
Shure 2-Way-In-ear Stereo Earphones (Shure SE425-CL, Shure Distribution GmbH, Eppingen, 139
Germany). Subjects were explicitly asked to try to adjust each tone as precisely as possible without 140 the use of any kind of reference and to confirm their answer with a button press on a Cedrus 
was calculated as the mean of the average absolute deviations c i of the final frequencies to the target 154 tone (referenced to a 440 Hz equal tempered tuning). 155 156 MAD reflects the pitch adjustment accuracy of the participants. The consistency of pitch 157 adjustments (SDfoM, standard deviation from own mean), possibly reflecting the tuning of the pitch 158 template 48 , was then estimated by taking the standard deviation of the absolute deviations (equation 159
(2)). 160
For regression analyses (see below), we performed a z-standardization of the MAD (Z_MAD, 162 equation (3)) and SDfoM (Z_SDfoM, equation (4) 
Interleaved Melody recognition test (IMRT) 170
The experiment consisted of 16 training trials followed by 128 test trials presented in two blocks of 171 64 trials each with a break in between. Each trial was made up of a 6-tone probe melody (2400 ms, 172 400ms per tone; ~74.5bpm) followed by an interleaved sequence (see figure 1 ), in which the probe 173 melody was embedded within a distractor melody (1 st and then every 2 nd tone belonging to the 174 probe melody; 12 tones, 2400ms, 200ms per tone). In half of the trials, a modified version of the 175 probe melody was embedded within the interleaved sequence. The general task for the participants 176 was to press the right button on the Cedrus Response Pad (Response Pad RB-844, Cedrus  177 Corporation, San Pedro, CA 90734, USA), if the probe melody was embedded inside the 178 interleaved sequence, and the left button if not (required responses were counterbalanced; button 179 colors (yellow and blue) were counterbalanced across subjects). Each trial was preceded by the 180 German or English word for "Attention!" lasting for 1000ms, and probe melody and interleaved 181 sequence were separated by an ISI (Inter-Stimulus-Interval) of 1000ms. The ITI (Inter-Trial-182
Interval) was set to 2200ms. 183
Probe melodies, modified probe melodies and distractor melodies were constructed according to 184 Bey & McAdams (2002 2,3 as follows: 185
The mean frequency of each probe melody was within a range from -3 to +2 semitones (ST) around 186 the equal-tempered A 4 (440 Hz), i.e. from F # 4 to B 4 . Modified melodies were then created by 187 altering the 2 nd and 4 th or the 3 rd and 5 th note of the probe melody within a range of +-4 ST, which 188 always also altered the melodic contour (see The group embedded figures test (GEFT) 47 , a paradigm often used to investigate cognitive style in 215 autism 24,25,51 , was chosen to additionally assess subjects ability to find smaller shapes in drawings of 216 a meaningful whole. The test is performed with pen and paper and consists of 18 trials in two 217 blocks of 9. The participant has to find a geometric form in a large and more complex whole and 218 mark it with a pencil. As we observed ceiling effects as to the total amount of correct trials in the 219 GEFT during pilot experiments, we additionally measured the time subjects needed to find each 220 form so that we could better discriminate between subjects' abilities at this task. Performance on the 221
GEFT was therefore expressed as average time (over correct trials) needed to solve an item. 222 223
Statistical Analysis 224
All statistical analyses were performed using the open-source statistical software package R 225 (Version 3.5, https://www.r-project.org/). As melodies unfold over time, no reaction times were 226
analyzed with respect to the IMRT. Instead, sensitivity index d` and response bias (decision 227 criterion) c were calculated according to signal detection theory 52,53 . Signal detection theory is a 228 suitable method for analyzing decision processes in recognition or discrimination tasks like in the 229 IMRT, in which only two responses are possible (here: whether or not the probe melody is 230 embedded). Therefore, responses fall into one of four categories: hit (correct identification of probe 231 melody in the interleaved sequence), miss (miss of the probe melody in the interleaved sequence), 232 false alarm (false "yes" response to modified melody in the interleaved sequence) or correct 233 rejection (correct "no" response to modified melody in the interleaved sequence). According to 234 Macmillan 54 the difference of the z-scores of proportions of hits (H in %) and false alarms (F in %) 235
gives the sensitivity index d`, which is independent of the decision criterion c. 236
The latter is a measure of the tendency to say "yes" or "no", i.e. the response bias, and is calculated 237 as: 238 
Results
254
IMRT group differences 255
Statistical tests were based on the signal detection measures mentioned above, with perceptual 256 sensitivity (d)' and "response bias" (c) inspected separately. The two versions of IMRT (A, B) GEFT (linear model: intercept: 4.096 ***, GEFT: -0.042 **; F (1, 57) = 11.28, p = 0.0014; R² = 269 0.165, R² adjusted = 0.151; see figure 3A ). 270
Hence, IMRT was deemed to be an adequate test for investigating auditory disembedding. 271
Therefore, a 2x4 repeated measurements ANOVA with separation (0, 6, 12, and 24) as within-272 subject factor and group (AP vs. RP) as between subject factor was run. Analyses revealed main 273 effects of group (F (1, 59) = 5.901, p = 0.0183, η 2 partial = 0.138) and separation (F (4, 228) = 76.474, 274 p = 2e-16, η 2 partial = 0.573) as well as a significant interaction (F (4, 228) = 4.898, p = 0.000831, 275 η 2 partial = 0.079; see figure 3B ). 276 Post hoc t-tests revealed significant differences between the 0-ST-condition and all other separation 277 conditions (6-ST: p = 2e-16, 12-ST: p = 2e-16, 24-ST: p = 6.3e-9) as well as between the 6-ST-278 condition on the one hand and both the 12-ST-(p = 0.00452) and 24-ST-conditions (p = 0.00058), 279 see figure 3B ) on the other hand. Furthermore, absolute pitch possessors performed significantly 280 better on the 0-ST and 12-ST conditions and when considering overall performance (see table 2) . 281 We would also like to draw attention to a likely ceiling effect in condition 24-ST (see figure 3B and 282 figure 4E ), the results of which should be interpreted with caution. 283
With respect to response bias (c) no significant group differences were found for overall 284 performance nor for separation conditions (see figure 3C and table B2, Supplementary Material B). 285
However, a 2x 4 repeated measures ANOVA with separation (0, 6, 12, 24) as within-subject factor 286 and group (AP vs. RP) as between subject factor revealed a significant main effect of separation (F 287 (4, 228) = 15.594, p = 2.71e-11, η 2 partial = 0.215). No main effect of group (F (1, 57) = 0.859, p = 288 0.358, η 2 partial = 0.013) and no interaction of group and separation (F (4, 228) = 1.452, p = 0.218, 289 η 2 partial = 0.025) were found. Post hoc tests revealed a significant higher tendency to respond "yes" 290 on 0-ST-trials compared to all other conditions (6-ST: p = 9.4e-6; 12-ST: p =3.2e-5; 24-ST: p = 291 2.0e-7). This again confirms the impression that a greater separation between probe and distractor 292 melody decreased the difficulty of the task and hence led to better perceptual sensitivity (d') and 293 nearly no response bias (c, see figures 3B-C and 4). 294 295
Linear models to predict perceptual sensitivity d' 296
To investigate which musical and cognitive variables influence performance on IMRT, we 297 performed multiple linear regressions separately for overall performance and separation conditions 298 (0, 6, 12, 24 ST). In a first step, bivariate correlations between IMRT and variables of interest were 299 calculated to get an overview of possibly predictive variables (see table 3 ). 300
Apart from the already known correlation with GEFT (r = -0.406, p =0.0014), IMRT (overall 301 performance) was related to absolute pitch proficiency in both producing a tone (Z_MAD, 302 standardized mean absolute deviation from target tone; r = -0.340, p = 0.0085) and naming a tone 303 (PIS, Pitch identification screening; r = 0.283, p = 0.0364), age of onset of musical training (r = -304 0.289, p = 0.0264), information processing speed (r = 0.304, p = 0.0199) and marginally to musical 305 sophistication index (MSI; r = 0.238, p = 0.077). 306
For multicollinearity reasons age of onset and PIS were not included into regression models, as they 307
showed high correlations with absolute pitch performance (Z-MAD: r = 0.392, p = 0.0021; PIS: r = 308 -0.361, p = 0.00679) respectively pitch adjustment (Z_MAD: r = -0.859, p = 2.2e-16). Therefore a 309 total of 5 variables (Z_MAD, MSI, GEFT, ZVT and version) were included into the 5 resulting 310 regression models. Afterwards, variables with non-significant beta-weights were removed from the 311 model leading to 5 reduced models (see table 4 ). In general IMRT performance was highly 312 predicted by absolute pitch ability (Z-MAD) and GEFT. Performance in the 0-ST condition was 313 additionally predicted by musical sophistication index (MSI) and the version of IMRT (A vs. B). 314
Models of the 24-ST-condition did not reach significance and must be interpreted with caution due 315 to ceiling effects (see figure 3B -C and figure 4E ). From Figure 4 it can easily be seen that the four 316
IMRT separation conditions (0, 6, 12, 24) decrease in variance (y-axis), indicative of decreasing 317 task difficulty. Because at six semitones and greater separations the MSI is no longer predictive of 318 IMRT (d'), this effect likely is due to our highly over-trained sample of professional musicians. 319
In summary, 39.2 % (R² adjusted ) of variance on overall performance on IMRT and 45.8% (R² adjusted ) 320 of variance in the fully interleaved 0-ST-condition were explained by absolute pitch ability (Z-321 MAD), musicality (MSI) and disembedding in vision (GEFT) (with IMRT version as a covariate). 322
Even though R² adjusted decreased for the easier conditions with a greater separation of probe and 323 distractor melodies (6, 12), absolute pitch performance remained significant in both cases, while the 324 other variables lost more of their influence (see table 4 ). For the first time we investigated auditory streaming ability 1 in absolute and relative pitch 331 professional musicians using an interleaved melody recognition test 2,3 . Interestingly, general 332 performance correlated with a visual embedded figures test (GEFT 47 , mean time needed to solve an 333 item), which confirmed our hypothesis that the interleaved melody recognition test serves as an 334 auditory hidden/embedded figures 6 . However, it must be made clear that direct measures of 335 streaming ability using alternating high and low frequency tones 55 may not necessarily have 336
anything to do with the embedded figures concept. In the following we therefore stick to the terms 337 "interleaved melody recognition test" and our acronym (IMRT) which we interpret to be a paradigm 338
for both auditory streaming and the auditory embedded figures test. 339
General performance (sensitivity index d', signal detection theory) as well as performance at 340 different levels of frequency separation between probe and distractor melodies exceeded chance 341 level (d'= 0) in both groups, pointing to a general advantage of professional musicians in auditory 342 interleaved melody tests. This effect can be explained by above average musical knowledge in this 343 sample which could either result in increased availability of musical schemas (schema-based 344 auditory streaming 2 ) or be based on heightened ability to recognize melodies per se. However, as 345
we did not include a control condition in which no distractor tones were present in the second 346 sequence of each trial, we cannot finally decide upon this issue. Ceiling effects obtained for the high 347 separation condition (24-ST) are perfectly in line with previous reports of ceiling effects with 348 respect to large distances between probe and distractor melodies 2 . Responses were only slightly 349
biased towards "no" responses overall and this was most strongly the case for the most difficult 0-350 ST condition. As RP possessors always exhibited a more pronounced response bias this was seen as 351
an indicator of uncertainty of responses, especially when the task was most challenging. 352
Furthermore, increasing the distance between probe and distractor melody (separation conditions) 353 also increased performance of participants in both groups. Therefore and in accordance with other 354 authors 2-4 pitch separation as a perceptual cue seems to be of general importance for the processes 355 of auditory streaming. However, in our study, we found an above chance level performance in the 356 fully interleaved condition (0-ST). To our knowledge other authors have always found weak 357 performance in healthy subjects for this condition and have argued for the necessity of this pre-358 attentive pitch cue based mechanism to come into play. In their view, schema-based auditory 359 streaming might only be possible in interaction with bottom-up sensory processes (such as using 360 pitch cues) that structure the auditory signal 2-4,6 . In line with this, increased performance in our 361 sample of professional musicians may have been caused by extensive musical experience which led 362 to additional musical schema-based processes in the 0-ST condition for these subjects. Musicians 363 for example have daily exercise in extracting and focusing on melodies and fore vs. background in 364 orchestral or other ensemble music as well as in solo performances of harmonical instruments like 365 piano, which can play several melodies at the same time. This explanation would be consistent with 366 evidence that auditory experience, such as familiarity with particular voices 56 or words 57 , can 367
influence the auditory streaming of speech. This hypothesis is further strengthened by the marginal 368 correlation of Musical Sophistication Index (MSI) 43 with overall performance and its contribution to 369 some of the regression models. MSI is a general measure of musical sophistication aimed at the 370 investigation of non-musicians which might explain the only small degree of correlation. It is 371 possible that musicality tests which might be more suitable for trained musicians would have 372 yielded higher correlations. However, as the interleaved melody recognition paradigm exhibits high 373 similarity to famous tests of musicality (e.g. AMMA, Advanced measures of music audiation 46 ) 374 both in terms of stimuli and task (recognition of melodies), we did not include those tests. 375
The even higher performance of absolute pitch possessors in the fully interleaved and all other 376 separation conditions as well as in overall performance allows us to assume that additional 377 processes related to the absolute perception and/or naming ability of pitches lead to an advantage of 378
AP´s in this test. Perhaps stable pitch-label associations comprise an additional schema-based 379 mechanism, by which probe melody and tones in the interleaved sequence can be compared and 380
extracted. However, as AP´s performance on IMRT also increases with the separation of probe and 381 distractor melody, pitch-label associations might also increase auditory streaming ability due to an 382 additional pre-attentive perceptual quality (pitch chroma) similar to e.g. tone-color perceptions of 383 colored hearing synaesthets. Indeed, some authors have argued to explain absolute pitch ability as a 384 form of synesthesia 31, 58 , which also leads to enhanced low level perception 32,59 . Interestingly, 385 enhanced low-level perceptional functioning respectively a tendency to focus on details are two 386 main elements of famous theories to explain autistic symptoms 60-62 . Furthermore, nearly all special 387 abilities up to savant skills in autism share certain features like enhanced low-level perception, 388
focus on details and mapping of two cognitive or perceptual structures according to their inherent 389 elemental structure (Theory of Veridical Mapping 31 ). The one-to-one mapping of pitches to pitch 390 labels might therefore be similar to the one-to-one mappings of pitches to colors or letters to colors. 391
This could lead to enhanced performances on experiments in the affected sensory modalities. This 392 enhancement might in turn be caused by pre-attentive processes that make use of the additional 393 sensory quality that other subjects lack. 394
On top of that, autistic people can perform above change with fully interleaved sequences while 395 faring relatively poorly with 29 . However, in our sample, none of the performances on IMRT was 396 explained (even in part) by autistic traits. Despite that, we cannot rule out the possibility that the 397 lack of correlation with autistic symptoms is due to very heterogeneous factors that play a role in 398 the development of absolute pitch (e.g. heritability, onset of musical training, ethnicity). A tendency 399 towards higher autistic traits in AP, as was also present in our sample, might form only one out of 400 various different influences on the acquisition of AP. Therefore the lack of a correlation might be in 401 part because the relation of AP and autistic traits is not true for all AP´s. 402
In general, performance on IMRT (sensitivity index d'), i.e. the ability to recognize a melody in an 403
interleaved sequence was highly (R² = 15-39.2 %, smaller R² for easier conditions) dependent on 404 absolute pitch proficiency as measured by a pitch adjustment test (PAT, developed after Dohn et 405 al. 48 ), visual disembedding (GEFT) 47 and in the more difficult conditions musical sophistication 406 (MSI) 43 . We therefore conclude that the interleaved melody recognition test is an auditory 407 streaming paradigm 5,6 which additionally measures the general ability to find auditory hidden 408
figures (as for the correlation with GEFT) and that performance on it is enhanced by musical 409 training and absolute pitch ability. The latter might be due to an additional sensory quality leading 410
to enhanced low-level perceptual functioning in general. This study therefore to our knowledge is 411 the first to show enhanced auditory disembedding in absolute pitch possessors. Nevertheless some 412 constraints have to be mentioned: First, we did not include a control condition for melody 413 recognition (see above), second, due to a technical error the number of trials per condition and 414 subject was not counterbalanced (see Methods section). However, additional statistical analyses 415 indicated that results were not affected by this issue (see Methods section and Supplementary  416 Material A). Third, with respect to the discussed similarities to autism, a third subsample including 417 autistic people would have been desirable. 418
To conclude we would like to draw attention to goals that future studies should address. Because of 419 the partial, but nevertheless re-occurring, similarities between absolute pitch possessors and autism 420 in terms of cognition, perception, personality traits and neurophysiology and anatomy it remains to 421 be investigated whether and to what extend one is the cause or a side effect of the other, or which 422 external factors lead to the coincidence. Such investigation would not only increase the knowledge 423 about both phenomena but also help to understand fine-graded differences in human perception and 424 its relation to other cognitive functions and personality traits. melody recognition test). Each trial begins with a probe melody (A, blue) followed by an 597
interleaved sequence with either the same probe melody (B, blue) or a modified melody (C, blue, 598
here 2 nd and 4 th note modified compared to probe melody) interleaved with a distractor melody 599 (red). Graphical notation of musical melodies in this example shows the pitch height of each note in 600
ST relative to the A 4 (440 Hz). The distractor notes always encompassed the neighboring melody 601 notes in terms of the pitch height. 602 603 Figure 2 . Interleaved sequences of IMRT. Probe melody respectively modified probe melody (here 604 probe melody, blue) and distractor melody (red) were interleaved and four separation conditions 605 created. The two melodies were either fully interleaved and their mean frequency separated by 0 606 Age, nonverbal IQ (SPM), information processing capacity (ZVT), musical training (total hours during life span on main instrument), musicality (AMMA; MSI) and online pitch identification screening (PIS) for each group; * two RP reported not having absolute pitch but reached a screening score of 13 respectively 21. Because of this and their weak performance in the pitch adjustment test, the subjects were assigned to the RP group; Significant group differences highlighted in bold. p<.10. , p<.05 *, p<.01 **, p<.001 *** (uncorrected) 
